###### Strengths and limitations of this study

-   This study is a randomised controlled trial assessing live birth rate with a robust methodological design.

-   This multicentric trial will consider a relatively large sample size.

-   Large inclusion criteria will increase the reliability and generalisability of the data.

-   The heterogeneity in clinical practice between two centres may be a major confounding factor in interpreting the results of these studies.

-   In this study, it is not possible to blind the researchers to the group allocation of patients.

Introduction {#s1}
============

The zona pellucida (ZP) surrounding a mammalian oocyte is a specialised extracellular matrix composed of glycoproteins that mediates the initial recognition and binding of the spermatozoon to the oocyte and plays an important role in the following activation events during the fertilisation process.[@R1] At the blastocyst stage, the embryo is subjected to the phenomenon called 'hatching' which includes expansion of the blastocoel with stretching, thinning and focal rupture of the ZP and extrusion of the embryo through the fractured zona. The hatching of the blastocyst is in fact a fundamental step for the establishment of a pregnancy: it allows the blastocyst to adhere to the endometrium and invade it. Physiologically, the hatching is thought to be mediated by: (1) a mechanical action following the increase in pressure within the blastocoel[@R2] or (2) a protease-like hatching factor of embryonic origin[@R5] or (3) lysine of uterine origin.[@R8]

Prolonged exposure of human oocytes and embryos to artificial conditions is thought to impair their ability to implant. Among the speculations about the causes of embryonic implantation failure after in vitro culture, the phenomenon called 'ZP hardening' has been suggested to be responsible for the impaired hatching ability of embryos.[@R9] The artificial rupture of the ZP is known as assisted hatching (AH) and this technique was first described by Cohen and coworkers in order to improve the chances of implantation and clinical pregnancy during assisted reproduction.[@R12]

The AH is generally performed on day 3, 5 or 6 of embryo development using a laser mounted on an invertoscope; however, the use of mechanical or chemical solutions has been proposed in the past.[@R13] The indications most commonly advocated for the AH are advanced maternal age, recurrent implantation failure or use of previously cryopreserved embryos. This last indication is of particular interest because the cryopreservation methods can induce the hardening of the ZP making the implantation in utero more difficult.[@R10]

Some initial meta-analyses evaluated the effect of AH of embryos on clinical outcomes, reporting a borderline significant improvement in clinical pregnancy while the live birth rate was still not proven to be increased by the procedure.[@R16] These data were supported by a recent meta-analysis of randomised controlled trials (RCT) which confirmed higher clinical pregnancy and implantation rates using AH on previously cryopreserved embryos but failed to demonstrate significant effects on live birth rates.[@R18] Unfortunately, the pool of included studies comprised a small sample size and focused on cleavage-stage embryos.

The lack of robust data on blastocysts represents a significant clinical gap considering that extended culture up to the blastocyst stage has markedly grown worldwide in concomitancy with the diffusion of single embryo transfer. In fact, available data on the effect of AH on blastocysts, especially after cryopreservation, are inconclusive. Only two RCTs addressed the clinical outcomes deriving from partial hatched blastocysts in frozen cycles compared with non-hatched controls.[@R19] Although some benefits emerged in terms of clinical pregnancy, the heterogeneity of these studies did not permit to draw any conclusion on the real effect associated with AH. The scenario is even more complicated by the fact that AH procedures highly varied in terms of timing and mode of application. Procedures include manipulations of the ZP such as (1) making holes, slots or thinning of different sizes; (2) drilling, cutting, digesting or melting the zona mechanically, chemically or with a laser beam (3) on fresh or frozen/thawed embryos (iv) at different developmental stages (v) in different groups of patients.[@R21] Therefore, it is likely that the general conclusions drawn from the evaluation of the overall effectiveness may withhold some confounding factors.[@R21]

In general, the rigorous evaluation of the role of the ZP manipulation in current/emerging in vitro fertilisation (IVF) approaches, such as blastocyst culture, cryopreservation or biopsy for preimplantation genetic testing (PGT), is surprisingly scanty. In order to contribute to fill of a major gap in the literature, we developed the present protocol for a randomised trial comparing laser-mediated partial removal of the ZP in vitrified/warmed blastocysts to non-AH controls.[@R22]

Methods and analysis {#s2}
====================

Design {#s2-1}
------

The ALADDIN study is a multicentric prospective comparative study with a parallel randomised controlled design aiming to investigate whether the laser AH (LAH) performed on warmed blastocysts before embryo transfer can improve the live birth rate compared with controls (no LAH) in frozen embryo transfer. Two infertility units will be involved in the study: (1) IRCCS San Raffaele Scientific Institute and (2) IRCCS Ca' Granda Ospedale Maggiore Policlinico. Enrolment of patients will last 18 months with quarterly monitoring and the entire study is foreseen to be closed in 36 months.

Eligibility criteria {#s2-2}
--------------------

All women who undergo non-donor IVF cycles with or without intracytoplasmic sperm injection and scheduled for elective single embryo transfer with vitrified/warmed blastocysts will be considered for enrolment in each of the two units.

### Inclusion criteria {#s2-2-1}

The patients must meet all the following criteria at the time of randomisation to be eligible for recruitment:

1.  Age of women at oocyte retrieval ≤40 years.

2.  First or second frozen cycle using vitrified blastocysts.

3.  Up to two previous oocyte retrievals.

### Exclusion criteria {#s2-2-2}

Patients will not be enrolled in the presence of any of the following conditions:

1.  PGT cycle.

2.  Body mass index (BMI) \>35 kg/m^2^.

3.  Abnormal uterine cavity (ie, adenomyosis, submucous myoma, hydrosalpinx, septate uterus and endometrial polyps).

4.  Severe male factor (use of surgically retrieved spermatozoa).

Patient and public involvement {#s2-3}
------------------------------

Neither the patients nor the public were involved in the development of the research questions, selection of outcome measures, study design or study conduct.

Intervention {#s2-4}
------------

The hypothesis of the study is to test whether the application of a partial LAH to vitrified/warmed blastocysts might improve the live birth rate.

During an IVF treatment, the cryopreservation of blastocysts can occur for three main reasons: (1) supernumerary embryos; (2) high risk of ovarian hyperstimulation syndrome; and (3) impairment of endometrial receptivity (progesterone elevation during ovarian stimulation or inadequate endometrium).

Blastocysts are vitrified once expansion has been reached on day 5, 6 or 7 and after artificial shrinkage by a single laser shot on the trophoblast cells.[@R25] The vitrification protocol was previously described.[@R26]

The randomisation for the study protocol will be performed at the time of warming of blastocysts.

AH procedure {#s2-5}
------------

Immediately after warming, LAH will be performed using a 1480 nm diode laser beam and an opening on the ZP will be initiated at the 1 o'clock position with pulse of 0.2 ms. Consecutive laser shots will be applied to reach the 5 o'clock position of the blastocyst in order to remove nearly one-third of the visualised surface of the zona. The LAH procedure will last 1 min per blastocyst. The blastocysts will then be cultured and evaluated 1 hour after warming for re-expansion and transferred at least 2 hours from thawing into the patient's uterus. Blastocysts showing complete degeneration will not be transferred. In this case, two options are foreseen: (1) in the presence of additional vitrified blastocysts, a second one will be thawed and treated according to the initially assigned randomisation arm; (2) in the absence of additional vitrified blastocysts, the patient will not undergo embryo transfer ([figure 1](#F1){ref-type="fig"}). The endometrium preparation will be performed in natural, modified natural cycle, or artificial cycle according to local standards of treatment.

![Flow diagram of the ALADDIN trial. ART, Assisted Reproductive Technology.](bmjopen-2019-031544f01){#F1}

Outcome measures {#s2-6}
----------------

The primary outcome examined in this study will be the live birth rate, as the number of deliveries resulting in a live birth per randomised blastocyst/patient.

Secondary outcomes include proportion of transferred blastocysts/thawed blastocyst, morphological features of blastocysts before embryo transfer, implantation, biochemical pregnancy, clinical pregnancy (ultrasound visible gestational sac), miscarriage, multiple pregnancies, preterm births (\<37 weeks of gestation), obstetrical and neonatal complications and congenital anomaly rates.

Sample size {#s2-7}
-----------

The sample size was calculated based on the following assumptions and according to data pooled from the two participating centres in the past 24 months: (1) the primary outcome is the live birth rate per randomised blastocysts/patient; (2) expected live birth rate without LAH is 28%; (3) expected live birth rate with LAH is 38%; (4) loss to follow-up is 1%; (5) type I and II errors are 0.05 and 0.20, respectively. Under these assumptions, a sample size of 350 randomised blastocysts/women per arm will allow us to detect with sufficient statistical power (p\<0.05) an absolute difference ≥10% in the live birth rate between the two groups using the χ^2^ test.

Recruitment {#s2-8}
-----------

The identification of the candidates for the study will be carried out by the laboratory personnel in collaboration with the clinical staff. All of the couples scheduled for frozen embryo transfer will be considered for inclusion. Women who agree to participate will be asked to sign written informed consent, of which they will receive a copy signed by the investigator. Any wastes or exclusions due to non-satisfied inclusion criteria will be recorded. On the day of warming, the laboratory staff will evaluate the presence of the signed consent and, in the case of adhesion, will proceed to the randomisation.

Subjects involved in the study will be subjected to the same procedures except for the treatment of LAH.

Randomisation {#s2-9}
-------------

All participants will be allocated in two groups at a ratio of 1:1 by an online software[@R27] according to the following strata:

1.  Recruiting centre: (A) IRCCS Ca' Granda Ospedale Maggiore Policlinico; (B) IRCCS San Raffaele Scientific Institute.

2.  Ages \<38 and ≥38 years.

A block randomisation will be used to reduce biases and to achieve balance in the allocation of participants to treatment arms. Investigators involved in the randomisation process will be not aware of the block size. The allocation sequence will be obtained from the personnel in charge for the thawing procedure.

Blinding {#s2-10}
--------

Laboratory personnel performing randomisation and treatment cannot operate blinded. The doctor who will identify patient candidates, the physician who will perform the transfer procedure, the patients and the rest of the medical staff will be blinded to the treatment performed. The laboratory operator will not reveal the assignment branch, which will be stored in the laboratory chart. The treatment will be kept blinded for both the medical staff and the patient until the cycle is closed (no pregnancy or neonatal follow-up).

The assignment arm will be revealed to the data manager at the end of data collection related to the primary outcome. There will be no foreseen circumstances where it is allowed to interrupt the blinding.

Data collection and management {#s2-11}
------------------------------

For every couple, clinical and laboratory data will be systematically recorded both on paper and electronically. After enrolment, all variables related to the study protocol will be recorded in an electronic report form and stored in a digital database. The handling of personal data will comply with the national Personal Data Protection Act.

According to standard procedures, all participants achieving a clinical pregnancy will receive a questionnaire about pregnancy outcomes and/or complications.

Data monitoring will be entrusted to personnel independent of the investigators, without any conflicts of interest. The monitoring of the recruitment process will take place every 4 months and will involve the compilation of a quantitative report including information on: (1) number of randomisations carried out compared to expected; (2) correct compilation of clinical and experimental charts; (3) correct application of the inclusion criteria; (4) possible occurrence of adverse events.

All the staff involved in the trial will provide a written statement on possible conflicts of interest. The declarations will be made available to possible participants.

A timetable of the study is reported in [table 1](#T1){ref-type="table"}.

###### 

Schedule of enrolment and assessment of the ALADDIN trial

  ACTIVITY                                    PLAN   PLAN   MONTHS                                                                                                      
  ------------------------------------------- ------ ------ -------- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
  Study set - up                              1      1                                                                                                                  
  Enrollement of patients/procedure           1      18                                                                                                                 
  Follow-up (pregnacies/deliveries)           3      29                                                                                                                 
  Data analysis (interim, main outcome)       17     6                                                                                                                  
  Embryological/clinical outcome evaluation   19     12                                                                                                                 
  Data analysis (secondary outcomes)          21     10                                                                                                                 
  Dissemination, Publication                  24     13                                                                                                                 
  Data analysis (main outcome)                32     4                                                                                                                  

Statistical analysis {#s2-12}
--------------------

We will evaluate and compare the live births after the transfer of a vitrified/warmed blastocyst in women randomised to receive one of the two strategies: one in which that blastocyst is treated with partial LAH, and the second in which no LAH is performed. The effectiveness of LAH relative to untreated controls will be expressed as a relative risk and as an absolute difference, each with 95% CIs. SPSS V.20 (IBM) will be used to perform the statistical analysis.

The differences between the groups will be evaluated with the χ^2^ test for the categorical variables and Student's t-tests for the continuous variables. In case of not normally distributed variables, the non-parametric Wilcoxon and Mann-Whitney tests will be used.

To evaluate the effect of possible confounding factors, a logistic regression analysis will be performed considering the main factors that, before randomisation, can influence the probability of pregnancy (preplanned): age, smoking, female BMI, parity and number of oocytes.

The result of the primary outcome will be also adjusted and analysed with the Cochran-Mantel-Haenszel test for the stratification variables (recruiting centre and female age range). Significantly different variables that will be eventually found between the two groups, such as the quality of the blastocysts, will be included in the logistic regression model as a supplementary analysis. Any missing baseline clinical data will be integrated with the multiple assignment method. The lack of data related to the primary outcome determines the dropout of the patient.

An interim analysis is planned after the randomisation of 100 blastocysts per centre by evaluating the percentage of clinical pregnancies. The Peto procedure will be used to correct the alpha error. Should there be a decrease in the percentage of clinical pregnancies with a p≤0.001, the study will be suspended.

Adverse events {#s2-13}
--------------

All adverse effects observed in the laboratory, reported by the subjects or observed by the clinical staff, will be recorded and reported to the Ethical Committees.

The occurrence of adverse events is considered highly unlikely since the proposed treatments have been applied for many years in IVF laboratories without representing, at the current state of knowledge, a possible source of adverse events or reactions.

Ethics and dissemination {#s3}
========================

Ethics approval {#s3-1}
---------------

The study proposal has been approved by the Ethical Committee of IRCCS San Raffaele Scientific Institute (approval number: 16/int/2018) and by the Ethical Committee of IRCCS Fondazione Ca' Granda Ospedale Maggiore (approval number: 503_2018bis). The study has been registered in ClinicalTrials.gov.

Trial status {#s3-2}
------------

This trial began the recruitment and enrolment on 5 September 2018. It is anticipated to close recruitment in April 2020 and enrolment in June 2020.

Dissemination plans {#s3-3}
-------------------

The trial results will be shared at relevant conferences and published in highly cited and peer-reviewed journals.

The data sets used and analysed during the current study will be available from the corresponding author on reasonable request.

Discussion {#s4}
==========

The majority of reports regarding AH in randomised clinical trials, reviews and meta-analyses have considered clinical pregnancy as the primary outcome instead of live birth.[@R16] A limited number of studies have examined the effect of AH on live birth rates. As a consequence, there is insufficient evidence demonstrating that AH improves birth rates. Thus, the procedure is not routinely recommended in IVF cycles.[@R28] Despite this and according to the SART CORS database, the number of patients receiving AH in the USA increased every year between 2004 and 2013 and near half of the frozen embryo transfers have been performed using an AH procedure.[@R30] Considering the economic burden and possible risks, new good-quality data are urgently required. The present trial, focusing on the live birth rate as a primary outcome in a multicentric setting, will add valuable information to the current literature and, although with limited power according to the sample size, it will contribute to the definition of secondary outcomes and associated risks. One potential limitation to some of the secondary outcomes of the study is that neonatal and follow-up data use participant self-report outcome measures, so there is the possibility that reporting biases are introduced. However, previous comparisons between data reported by the patients and clinical data obtained from hospital charts (for those delivering in our hospitals) showed a very high concordance rate for the outcomes investigated in this study.

If this trial shows that LAH represents an efficient procedure to improve live birth rate in frozen cycles, the results may lead to evidence-based changes in current clinical practice.
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